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BJIHRHHE TPEMATOflHOH HHBA3HH HA HAKOnJIEHHE HOHOB 
TflatEJIbIX METAJIJIOB nPECHOBOflHbIMH MOJUIIOCKAMH 
(GASTROPODA: PULMONATA: PECTINIBRANCHIA) 

© A. n. CTaflHHneHKO, JI. HsaHeHKO, JL H. KypKHH, O. B. BifTKOBCKan, 

H. H. KajiHHHHa, A. BbicKymeHKO, A. B. UleBnyK 

B penHOH Bo^e, coflepacamefi Cu 2+ , Zn 2+ , Pb 2+ b kojimhcctbc 5, 20, 1 mkx/ji 
cooTBeTCTBeHHO, y Lymnaea stagnalis h Viviparus viviparus , 3apaaceHHbix napTeHore- 
HeTHHeCKHMH nOKOJICHHflMH SXHHOCTOMaTHflHbIX TpeMaTOfl, yCHJlHBaeTCH MaTepHaJlbHaa 

KyMyji5iUH5i Cu 2+ h Zn 2+ , ay L. stagnalis — (JjyHKUHOHajibHaH KyMyjiauHH Pb 2+ . 
HaKOnjieHHe 3THX MHKpOSJieMeHTOB B H36bITOHHbIX KOJIHHeCTBaX oOyCJlOBJIHBaeT c6oh 
B CjtyHKIJHOHHpOBaHHH pa3JlH4HbIX CHCTeM OpraHOB y 3apa)KeHHbIX MOJ1J1IOCKOB, Be^ymee 
B KOHeHHOM HTOre K HX THOeJlH. 


B HacTonmee BpeMH oahoh h 3 Beaymnx c|3opM 3arpa3HeHHa oxpyxaiomeH cpeflbi 
ABJI5HOTC5I BbICOKOTOKCHHHbie H flOJirOCOXpaH5nOIUHeC5I B BOfle HOHbl TflXCeJIblX MeTaJUlOB. 
HCTOHHHKaMH 3TOrO BHfla 3arpfl3HeHH5I HBJ15HOTC5I npOMblLUJieHHbie npeAnpH5ITH5I (pya- 
HHHHbie, CTajienjiaBHjibHbie, MeTajmoo6pa6aTbiBaiomHe, ManiHHOCTpOHTejibHbie, xhmh- 
necKHe, rajibBaHHHecKHe h ap.), a Taioxe aBTOTpaHcnopT. HoHbi Taxcenbix MeTajuiOB c 
BbIXJlOnHbIMH ra3aMH aBTOTpaHCnOpTHbIX CpeflCTB H C HeflOCTaTOHHO OHHmeHHbIMH 
(Hepe^KO BOBCe He OHHmeHHbIMH) 3aBOflCKHMH H LliaXTHblMH CTOKaMH nona^aiOT B 
npHpOAHbie BOflHbie SKOCHCTeMbI, BKJHOHaHCb B HHX B KpyrOBOpOT BemeCTB H SHeprHH. 
BecoMyio pojib b stom nrpaiOT npecHOBO^Hbie OpioxoHorne mojuhockh — oObiHHbie 
KOMnOHeHTbl flOHHOH (J)ayHbI npeCHbIX KOHTHHeHTajlbHblX BOflOeMOB. Ohh cnocoOHbi 
HaKanjiHBaTb h 3aAepxcHBaTb b cbocm Tene pa3JiHHHbie MHKposjieMeHTbi, b tom HHCJie 
h HOHbi Tflxcejibix MeTajuiOB. BjiHHHHe TpeMaTOAHOH HHBa3HH Ha 3 th npoueccbi flO 
HacTOHmero BpeMeHH ocTaBajiocb HeH3yHeHHbiM. 

MATEPHAJI H METOflbl HCCJIEflOBAHHH 

MaTepHan: npyaoBHK 03epHbiH Lymnaea stagnalis (Linne, 1758) h xcHBopomca 
pen Han Viviparus viviparus duboisianus Mousson, 1863, coOpaHHbie b ceHTaOpe— ok- 
T5i6pe 1996 r. b p. TeTepeB b ropoflcxoH nepTe ^KnTOMHpa (YicpaHHa). 

Hohw THxcejibix MeTajuiOB (Cu 2+ , Zn 2+ , Pb 2+ ) b reMOJiHM(}De, tkbhhx HorH, renaTO- 
naHKpeaca h BHcnepajibHOH Maccbi mojuhockob 1 onpeaejiajiH c noMombio aTOMHO-a6- 
copOuHOHHoro cneKTpocjDOTOMeTpa C—115 M c njiaMeHHbiM aHan h 3aTopOM (cTaH^apT 
C3B 5340). Hcnojib30BaHbi cTaH^apTHbie MeTOflbi onpeaejieHHH KOJinnecTBa MHKpo- 
sjieMeHTOB b xcHBOTHbix TKaHHx (Cu 2+ — TOCT 269—31—86, Pb 2+ — TOCT 269— 
32—86, Zn 2+ — TOCT 269—34—86). Bcero BbinojiHeHO 1440 aHajiH30B. UncjDpoBbie 
pe3yjibTaTbi o6pa6oTaHbi BapHauHOHHO-CTaTHCTHHecKHMH MeToaaMH no JIaKHHy (1973). 

ToKCHKOJiorHHecKHe onbiTbi nocTaBjieHbi no MeTOflHKe AnexceeBa (1981). 

1 BHcuepajibHbiH MeiuoK co bccmh BHyrpeHHHMH opraHaMH, xpoMe renaTonaHKpeaca. 
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Ko3(J)cJ)HUHeHTbi HaKonjieHHfl onpeflejieHbi KaK cooTHomeHHe KOHijeHTpauHH Bbiinene- 
peHHCJieHHbix hohob b tom hjih hhom opraHe MOJiJiiocKa h KOJiHnecTBa hx b bootoh cpejie. 
B p. TeTepeB cojjepxcaHne hx cocTaBJiaeT (mkt/ji): Zn 2+ — 20, Cu 2+ — 5, Pb 2+ — 1. 

PE3yJII>TATW H HX OECY^K^EHHE 

OKa3ajiocb, hto Cu 2+ , Zn 2+ , Pb 2+ ynaBJiHBaiOTCfl H3 bojihoh cpejjbi h HaKaruiHBaioTCH 
Kax jieroHHbiMH (L. stagnalis), TaK h nepeflHexcabepHbiMH MOJiJiiocKaMH (V. viviparus) 
no-pa3HOMy, o neM Mbi cyanM no 3HaneHH5iM K03(})(})HUHeHT0B HaKonjieHHfl. B HanOojib- 
inen Mepe KyMyjinpyeTca xchbothbimh Pb 2+ , b HanMeHbineH — Zn 2+ , a Cu 2+ 3aHHMaeT 
npoMexcyroHHoe nojioxceHne. 

HaKonjieHne hohob TaxceJibix MeTamioB b opraHH3Me npecHOBOjmbix mojijiiockob 
ocymecTBJineTCH 3a cneT ajicopOunn, jiH(|)(|)y3HH h MeTa6ojiH3Ma (LLIaxMaeB, 1975). B 
pa3JiHHHbix hx opraHax h TKaHflx oho npoTexaeT HeojjHHaKOBO HHTeHCHBHo. HanpnMep, 
Cu 2+ , nocTynaiouxHH b opraHH3M sthx jkhbothmx b ochobhom nepe3 nepHTeHTaKyjiapHyio 
objiacTb h BocnpHHHMaeMbiH aMebouHTaMH (Rondelaud, 1976), KaK oKa3ajiocb, b HanOoJib- 
ihhx KOJiHHecTBax 3ajiep)KHBaeTC5i renaTonaHKpeacoM, reMOJiHMc})OH MeHbrne b 1.5—1.7, 
a BHeuepajibHOH Maccon — noHTH b 2 pa3a. HaHMeHbuine 3HaneHH5i Kosc})(|)HUHeHTa 
HaKonjieHHH Cu 2+ noJiyneHbi jyifl hoth (L. stagnalis — 5780, V. viviparus — 6640). 

XapaKTep jjenoHHpoBaHHH Zn 2+ HecKOJibKo hhoh. Hanbojibrnne KOJiHnecTBa ero 3ape- 
rHCTpnpoBaHbi Taxace b renaTonaHKpeace. OflHaxo Ha BTopoM MecTe 3a hhm y o6ohx 
H ccjieflOBaHHbix bhjiob HaxoflHTCH Hora. Ko3(J)(J)HUHeHT HaKonjieHHH ee TKaHHMH Zn 2+ 
MeHbrne TaKOBoro ranaTonaHKpeaca Ha 10—20 %. HaHMeHbmne KOJiHnecTBa Zn 2+ o6Ha- 
pyxceHbi y L. stagnalis b reMOJiHM(})e, a y V. viviparus — b BHeuepajibHOH Macce (kosc})- 
cJ)HUHeHT HaKonjieHHH 105 h 390 cooTBeTCTBeHHo). flenoHHpyeTCH Zn 2+ h b paKOBHHe sthx 
xcHBOTHbix. HanpnMep, oh BbiflBJieH y L. stagnalis (IlHporoB h jip., 1980). 

HaKonjieHne Pb 2+ y L. stagnalis HanOojiee HHTeHCHBHo nponcxojiHT b Hore h 
renaTonaHKpeace, y V. viviparus — b reMOJiHM(})e h renaTonaHKpeace. HaHMeHbuiHe 
ero KOJiHnecTBa (b mhtkom Tene) 3ajiep}KHBaK)TC5i BHeuepajibHOH Maccon (Koac})c})HUHeHT 
HaKonjieHHH 44 900 h 42 800 cooTBeTCTBeHHo). B paKOBHHe L. stagnalis Pb 2+ ycTa- 
HOBJieH (IlnporoB h jip., 1980) b cne^OBbix KOJiHHecTBax. 

A6cojnoTHbie KOJinnecTBa Cu 2+ , Zn 2+ , Pb 2+ b opraHH3Me L. stagnalis h V. viviparus 
HCHeCJIflIOTCfl TbICHHHbIMH (HepeflKO H MeHbUIHMH) flOJlHMH npOUeHTa. 06meH3BeCTHO, 
hto MHKpoaneMeHTbi BxoflHT b cocTaB opraHHHecKHx coe^HHeHHH npenMymecTBeHHO 
6ejiKOBOH npnpojjbi, OTJinnaiomHxcfl bbicokoh OHOJiornHecKon aKTHBHOCTbio (c|)epMeHTbi, 
ropMOHbi, flbixdTeJibHbie nnrMeHTbi) h 3aMeTH0 BJiH5nomnx BCJiejjcTBne stoto Ha 
ocHOBHbie (J)yHKUHH opraHH3Ma. TaK, Cu 2+ bxojiht b cocTaB cjioxcHoro 6ejiKa reMOUH- 
aHHHa, ocymecTBJiaiomero TpaHcnopTHpoBaHHe KHCJiopojia H3 jierKoro (L. stagnalis) h 
aca6p (V. viviparus) k tkbhhm h yrjieKHCJioro ra3a — b oGpaTHOM HanpaBJieHHH. 
HeoTT»eMJieMOH cocTaBHon nacTbio pa,aa (J)epMeHTOB h ropMOHOB, peryjinpyiomHx 
yrjieBOflHbiH obMeH, HBJiaeTca Zn 2+ . KpoMe Toro, oh ycnjiHBaeT aKTHBHocTb nojiOBbix 
ropMOHOB, BJIHHfl TeM CaMbIM Ha (J)yHKUHOHHpOBaHHe nOJIOBbIX xcejie3. PHK HeKOTOpbIX 
4)OpMeHHbIX SJieMeHTOB reMOJ!HM(})bI CBH3aHa C HeOoJIbUIHM, HO nOCTOHHHbIM KOJlHHeCT- 
bom Cu 2+ h Zn 2+ . Pa3JiHHHbie HapyuieHHH acH3Hejie5iTejibHOCTH, oSycjioBJieHHbie H3Me- 
HeHHHMH COJiepXCaHHH B OpraHH3Me MOJIJIIOCKOB MHKpOSJieMeHTOB, HabjHOJiaiOTCH KaK 
npn hx HejiocTaTKe, Tax h npn H36biTOHHOM HaxonjieHHH. B nocjiejmeM cjiynae hohm 
THX cejibix MeTajuioB, nonaB b opraHH3M sthx xchbothbix, o6pa3yioT npoHHbie coejiHHeHHfl 
C BemeCTBaMH, OTJIHHaiOIUHMHCfl BbICOKOH 6HOJIOrHHeCKOH aKTHBHOCTbK), KOTOpbie 
yTpaHHBaioT cnocobHocTb BbinojiHHTb npHcymne hm (JiyHKUHH, hto conpoBoamaeTca 
HapymeHHHMH (JiyHKUHOHHpoBaHHfl acH3HeHHO BaxcHbix opraHOB h TKaHeii. H36 bitok 
Cu 2+ , HanpnMep, npnBojiHT k pa3pyineHHio nnrMeHTHbix KJieTOK coejjHHHTeJibHOH TxaHH, 
b KOTopbix cHHTe3npyeTCH jjbixaTejibHbiH nnrMeHT (Cheng, 1975). Hohm Cu 2+ h Pb 2+ 
Bbi3biBai0T cjiojKHbie H3MeHeHHH npoHHuaeMOCTH MeMbpaH HenpoHOB, obycjioBJiHBaa, 
BO-nepBbIX, TOK HOHOB, HanpaBJieHHblH BHyTpb HX, a BO-BTOpbIX, nOJiaBJIflfl TOK K + . 
KpoMe Toro, Pb 2+ OjioxnpyeT nocTynjieHHe b HenpoHbi Ba 2+ nepe3 KajibuneBbin KaHaJi 
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TaGjinna 1 

BjiHiiHHe TpeMaTOOTOH HHBa3HH Ha HaKonjieHHe Cu 2+ (Mr/Kr) npecHOBOflHbiMH GpioxoHomMH MOJUiiocKaMH 
Table 1. The influence of the trematode infection on the accumulation of Cu 2+ (mg/kg) by the freshwater gastropod molluscs 


MaTepwaji 

He3apaaceHM>ie 

3apaxeHHbie 

lim 

x ± nu 

a 

V 

lim 

_ 

x±m x 

a 

V 



L 

mnaea stagnalis 





Hora 

2.54—3.15 

2.89 ±0.09 

0.23 

7.93 

3.23—3.4 

3.32 ±0.03 

0.07 

2.1 

TenaTonaHKpeac 

7.14—7.56 

7.32 ±0.06 

0.14 

1.91 

7.5—8.46 

8.02 ±0.16 

0.4 

4.99 

reMOJiHM(J)a 

4.17—4.94 

4.42 ±0.13 

0.32 

7.24 

4.78—5.61 

5.24 ±0.19 

0.48 

9.16 

BHcuepajiLHbiH MemoK 

3.48—4.07 

3.72 ±0.1 

0.24 

6.45 

3.96—4.71 

4.26 ±0.1 

0.25 

5.86 



Viviparus viviparus 





Hora 

2.4—2.84 

2.53 ±0.07 

0.17 

6.72 

2.4—3.33 

2.69 ± 0.14 

0.34 

12.64 

TenaTonaHKpeac 

5.04—7 

5.72 ±0.42 

1.04 

18.18 

6.8—7.5 

7.15 ± 0.1 

0.24 

3.36 

TeMOJiHMcJja 

4.73—5 

4.86 ± 0.04 

0.09 

1.85 

4.72—5.02 

4.85 ±0.05 

0.13 

2.68 

BHcnepajibHMH MemoK 

2.90—3.1 

2.97 ±0.03 

0.08 

2.69 

3.02—3.4 

3.17 ±0.05 

0.13 

4.1 


TaGjiHita 2 

BjiHBHHe TpeMaTonHOH HHBa3HH Ha HaKonjieHHe Zn 2+ (mt/kt) npecHOBonHtiMH Gpioxohofhmh MOJUiiocKaMH 
Table 2. The influence of the trematode infection on the accumulation of Zn 2+ (mg/kg) by the freshwater gastropod molluscs 


He 3 apaxceHHbie 3apaxceHHbie 


MaTepHan 

lim 

X ± ITU 

a 


V 

lim 

X ± m x 

a 

V 

Hora 

1.02—1.23 

1.12 ± 0.03 

Lymnaea 

0.08 

stag 

nalis 

7.14 

1.15—1.4 

1.29 ±0.04 

0.09 

6.98 

TenaTonaHKpeac 

1.09—1.44 

1.29 ±0.05 

0.12 


9.3 

1.23—4.28 

1.84 ±0.49 

1.2 

65.22 

TeMOJiHM(t)a 

0.12—0.32 

0.21 ±0.03 

0.07 


33.33 

0.11—0.31 

0.19 ±0.03 

0.08 

42.1 

BncnepajiLHMH MemoK 

0.82—1.11 

0.92 ±0.04 

0.1 


10.87 

0.02—1.2 

1.06 ±0.05 

0.11 

10.37 

Hora 

0.89—1 

0.93 ±0.18 

Viviparus 

0.17 

viviparus 

18.28 

0.98—1.02 

0.84 ±0.07 

0.18 

21.43 

TenaTonaHKpeac 

1—1.8 

1.05 ±0.02 

0.05 


4.76 

1.08—1.24 

1.16 ±0.03 

0.08 

6.89 

TeMOJiHM(t)a 

0.7—0.82 

0.81 ±0.03 

0.08 


9.87 

0.7—0.11 

0.44 ±0.15 

0.36 

81.82 

BncnepajiLHMH MemoK 

0.7—0.82 

0.78 ±0.09 

0.23 


8.9 

0.78—0.9 

0.83 ±0.02 

0.05 

6.02 





Ta6jiHua 3 

B/IHflHHe TpeMaTOflHOH HHB33HH Ha HaKOnJieHHe pb 2+ (Mr/Kr) npeCHOBOflHblMH 6piOXOHOrHMH MOJUHOCKaMH 
Table 3. The influence of the trematode infection on the accumulation of Pb 2+ (mg/kg) by the freshwater gastropod molluscs 
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(Salanki e. a., 1991). FIpw Bbicoxow 
KOHLteHTpauHH Cu 2+ h Zn 2+ 3aMeflJifl- 

eTCH pOCT MOJIJIIOCXOB, OTOXtBH raiOTCfl 
cpoKH HacTynjieHHH nojiOB03pejiocTH 
h HaSjuo^aiOTCH pa3Horo poaa aHOMa- 
jihh b cjDopMHpyiomHxcH xjia^xax. 

TOKCHKOJIOrHHeCKHMH OnbITaMH 
yCTaHOBJieHO, HTO HflOBHTOCTb flJlfl 

L. stagnalis w V. viviparus BbiLuene- 
peHHCJieHHblX HOHOB TH>KeJlbIX MeTaJl- 
jiob b nopflfljce ee y6biBaHHH Taxcrna: 
Cu 2+ , Zn 2+ , Pb 2+ . A nyBCTBHTejibHOCTb 
3THX MOJUIIOCKOB K Cu 2+ , Zn 2+ , Pb 2+ 
b 100—150 pa3 OojibLue, neM npe- 

CHOBOflHblX pbl6. 

MccjieaoBaHHbie HaMH xcHBOTHbie 
OblJlH HHBa3HpOBaHbI «IlTHHbHMH» 
3XHH0CT0MaTHZtHbIMH TpeMBTOXtaMH. Y 

L. stagnalis oOHapyxceHbi pextHH Ec- 
hinoparyphium aconiatum Dietz, 
1909, y V. viviparus — JioxajiH30- 
BaHHbie b renaTonaHKpeace pextHH Ec- 
hinoparyphium sp. c uepxapHHMH 
pa3H0H cTeneHH 3pejiocTH. Mhtchchb- 
HOCTb HHBa3HH HeBbicoxaa. OnarH na- 
pa3HTapHoro nopaxceHHH nwmeBapH- 
TejibHOH *ejie3bi xaxabm njioma^bK) 

He 6ojiee 1 —1.7 x 1.3—2 mm 3ape- 
THCTpHpOBaHbl B XOJlHHCCTBe 4—7 Ha 
oflHy oco6b (npewMymecTBeHHO b 
npoKCHMajibHOH HacTH opraHa). Gny- 
naH TOTanbHoro nopaxceHHfl TpeMaTO- 
^aMH rocTajibHoro OwoTona 6biJiH 
xpaHHe pextKHMH. 

ripn HHBa3HH y L. stagnalis bo 
B cex oOcjie^OBaHHbix opraHax h Txa- 
Hax, a y V. viviparus bo Bcex, 3a 
HCKJHOHeHHeM Horn H BHCUepaJlbHOH 
Maccbi, OTMeneHO H36biTOHHoe Haxon- 
jieHHe Cu 2+ (Ta6ji. 1). Y nepBoro 
BH^a npeBbiiueHHe HopMbi no 3T0My 
noKa3aTejiio cocTaBjiaeT 15, a y bto- 
poro — 20 % (P > 99.9 %). Cne^y- 
eT OTMeTHTb, hto y L. stagnalis Ma - 
TepnaiibHa^ KyMyjinuHH Cu 2+ ocymecT- 
Bji^eTC^ b oflHHaxoBOH Mepe bo Bcex 
HCCJieztOBaHHbix opraHax, b to BpeMH 
xax y V. viviparus npw HHBa3HH OHa 
pe3xo ycHJiHBaeTCH (Ha 30 %) b re- 
naTonaHxpeace (P > 99.9 %) h b 3— 
5 pa3 MeHee 3Toro — b Bwcuepajib- 
hoh Macce. M sto npw tom, hto 
H axonjieHHe Cu 2+ hx opraHH3MOM — 
3to HHTerpajibHbiH npouecc (KanxoB, 
1971): Hap^y c norjiomeHweM sthx 
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HOHOB npOHCXOflHT aKTHBHOe BblBefleHHe HX TOKCHHeCKOIX) H36bITKa H3 OpraHH3Ma. 
YBejiHHeHHe KOHueHTpaunn Cu 2+ b oxaeJibHbix tkbhhx h opraHax, HHBa3HpoBaHHbix 
TpeMaTojiaMH mojuiiockob, o6ycjioBjieHo, cxopee Bcero, paccrponcTBOM Tex MexaHH3MOB, 
KOTopwe o6ecneHHBaK)T BbiBeaeHHe H3 hx opraHH3Ma BpejiHbix ero h3jihihkob. fleno- 
HHpoBaHHe Cu 2+ flo onpe^eJieHHoro npeaejia conpoBoxcaaeTca pa3BHTHeM y sthx 
xcHBOTHbix naTOJiorHHecKoro npouecca, Bbi3BaHHoro OTpaBJieHHeM hx 3thm Hpe3BbinaHHO 
TOKCHHHbiM juih hhx sjieMeHTOM, 3aBepinaiomeroc5i raGejibio. IloKa3aHo, HanpHMep, hto 
rnGejib Unio tumidus HacrynaeT Toma, xoraa coaepxcaHHe Cu 2+ b hx xcaOpax cocTaBJiaeT 
300 mkt Ha 1 r cyxon Maccbi hx Tejia (KanxoB, 1971). EpioxoHorne mojijhockh 6ojiee 
nyBCTBHTejibHbi h MeHee ycTOHHHBbi k ero H36biTKy. Cjie,aoBaTejibHo, jieTajibHbin hcxoa 
TOJixceH HaOjiio^aTbca y hhx npn MeHbinen KOHueHTpaunn Cu 2+ b opraHH3Me. 

CojiepxcaHHe Zn 2+ y HHBa 3 HpoBaHHbix L. stagnalis B03pacTaeT b cperaeM b 1.3 pa 3 a 
(Ta 6 ji. 2). npn 3 tom HaKonjieHHe stoto MHKposjieMeHTa b ero reMOJiHMcJie ocTaeTca 
Ha ypoBHe HopMbi. y V. viviparus b renaTonaHKpeace h BncuepajibHon Macce kojih- 
necTBo Zn 2+ yBejiHHHBaeTca b cpejmeM Ha 10 % (P > 98.8 %), b Hore He H 3 MeH 5 ieTC 5 i, 
a b reMOJiHM^e coxpamaeTCfl nonra BflBoe (P > 99.9 %), hto cBuaeTejibCTByeT 06 apxo 
BbipaxceHHOM c|)yHKUHOHajibHOM HanpHxceHHH. B .aaHHOM cjiynae, xa k h b cjiynae c 
Cu 2+ , HMeeT MecTo MaTepnajibHaa xyMyjiHUHH sjieMeHTOB (MeTejieB h ap., 1971), npn 
KOTopoH HaKonjieHHe Zn 2+ ocymecTBjmeTCH BCJieflCTBne MHoroxpaTHoro ero nocTymie- 
HH5I B OpraHH3M MOJIJHOCKOB npH HapyUieHHH BblBejieHHH ero H36bITOHHbIX KOJIHHeCTB. 

Hanbojibinne pa3JiHHHH Mexcjiy L. stagnalis h V. viviparus oOHapyxceHbi no xapax- 
Tepy KOHueHTpaunn Pb 2+ (Ta6ji. 3). Y nepBoro H3 ynoMAHyrax mojuiiockob npn 
HaJiHHHH TpeMaTojiHOH HHBa3HH pe3KO B03pacTaeT HaKonjieHHe Pb 2+ . Ero cojiepxcaHHe 
yBejiHHHBaeTca b reMOJiHM(J)e b 1.5, a b renaTonaHKpeace — b 2 pa3a (P > 99.9 %). 
HanMeHee crpajiaeT b stom cjiynae BncuepajibHaa Macca, cojiepxcaHne Pb 2+ b kotopoh 
noBbiuiaeTCH Bcero Jinnib Ha 13 %. KoHueHTpauna Pb 2+ HHBa 3 HpoBaHHbiMH TpeMaTo- 
aaMH xcHBOTHbiMH — cjiejicTBHe (JiyHKUHOHajibHOH KyMynaunn, BbObiBaiomen ceHcnOn- 
JIH3aUHK) HX OpraHH3Ma K nOBTOpHbIM B03JieHCTBHHM Ha Hero 3THM peareHTOM. y 
3apaxceHHbix V. viviparus ypoBeHb coaepxcaHHfl Pb 2+ b opraHH3Me He H3MeH5ieTC5i, 
npHHHHbi Hero jijih Hac noxa ocTaioTca HeacHbiMH. 

CjiejioBaTejibHo, npn TpeMaTojiHon HHBa3HH KaK y jieroHHbix, TaK h y nepejmexca- 
OepHbix mojuiiockob HapyuiaioTCH c{)H3HOJiorHHecKHe Oapbepbi, npenATCTByiomne npe3- 
MepHOMy HaKonjieHHio MHKposjieMeHTOB b hx opraHH3Me. 3to conpoBoxcjiaeTCH cjibh- 
raMH peryjiauHH hx MHHepajibHoro obMeHa, npHBOflfliunMH b npeobjiajiaiomeM 6ojib- 
uiHHCTBe cjiy^aeB k KOHueHTpaunn Cu 2+ , Zn 2+ , Pb 2+ b pa3JiHHHbix opraHax h TKaHHX. 
Oho BjieneT 3a co6oh HapyuieHHH hx cjiyHKUHOHHpoBaHHfl, hto cHnxcaeT xcn3Hecnoco6- 
HocTb oco6en h b THxcejibix cjiynaHx BeaeT k jieTajibHOMy ncxo^y. 
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SUMMARY 

Freshwater molluscs Lymnaea stagnalis and Viviparus viviparus, infected with 
parthenogenetic generations of echinostomatid trematodes and reared in a fresh water 
containing metal ions Cu 2+ , Zn 2+ , Pb 2+ (concentrations 5, 20, 1 mkg/1 respectively), 
demonstrate an increasing of material accumulation of Cu 2+ and Zn 2+ in both species. 
A functional accumulation of Pb is observed in L. stagnalis only. The accumulation 
of these elements in excessive amount causes a damage of different systems in the 
infected molluscs and finally leads to their death. 


362 



